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(54) Solid oxide fuel cell 



(57) A single cell for a fuel cell In which an air elec- configured to show an electricity collecting function of 
trode or a fuel electrode includes at least two layers. The the air electrode. Alternatively, the fuel electrode in- 
air electrode includes an adhering cathode layer formed eludes an adhering anode layer fomied on the other sur- 
on one surface of the solid electrolyte layer and config- face of the solid electrolyte layer and configured to show 
ured to show a function to allow the air electrode and a function to allow the air electrode and the solid elec- 
the solid electrolyte layer to adhere electrically and me- trolyte layer to adhere electrically and mechanically to 
chanically to each other, and an electricity collecting each other and an electricity collecting anode layer 
cathode layer formed on the adhering cathode layer and formed on the adhering anode layer and configured to 

show an electricity collecting function. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a solid oxide 
fuel cell (SOFC) which uses a solid electrolyte to obtain 
electric energy by utilization of electrochemical reac- 
tions. 

2. Description of the Related Art 

[0002] Fuel cells have recently attracted considerable 
attention as a clean energy source which is capable of 
high energy conversion and globally environmentally 
friendly. 

[0003] A solid oxide fuel cell (hereinafter referred to 
as "SOFC") is one having a structure in which two elec- 
trodes consisting of an air electrode (cathode) and a fuel 
electrode (anode) sandwich a solid oxide electrolyte lay- 
er. Reactive gas containing oxygen is supplied to the air 
electrode, and reactive gas containing fuel gas is sup- 
plied to the fuel electrode. An electro chemical reaction 
occurs at a three-phase interface where the electrode, 
the reactive gas and the solid electrolyte mainly contact. 
These electrode materials are required to offer the fol- 
lowing properties 1) to 3). 

1) To promote the electrochemical reaction at the 

electrode/electrolyte interface (i.e. the interface be- 
tween the electrode and the electrolyte), the elec- 
trode materials have a structure which can obtain a 
large area of the three-phase interface formed by 
the electrode material, the electrolyte and the reac- 
tive gas. 

2) The electrode materials have a structure which 
makes it easier to introduce the reactive gas into 
the electrode/electrolyte interface that Is an electro- 
chemical reaction field. 

3) The electrode materials offer low electric resist- 
ance to enhance electricity collecting perfomiance 
as the electrode. 

[0004] To satisfy the properties of the items 1 ) and 2), 

the electrode must be porous, and to decrease its elec- 
tric resistance, the electrode layer must have a sufficient 

thickness. 

[0005] Accordingly, in order to offer the above de- 
scribed properties of the 1 ) to 3) , with respect to the con- 
ventional electrode material, its micro powders were 
processed to bo pasty, and coated onto the surface of 
the electrolyte layer by use of a printing method and a 
dipping method, followed by baking. Thus, the fuel elec- 
trode and the air electrode, which are a porous single- 
layer having a sufficient thickness, are respectively 
formed. 



SUMMARY OF THE INVENTION 

[0006] It Is difficult for Jhe conventional single-layered 
air and fuel electrodes to satisfy the foregoing three re- 

5 quirements. This is because to acquire high electricity 
collecting performance, the film thickness of the elec- 
trode must be thickened, hov/ever it is difficult to obtain 
a sufficient electrochemical reaction field to occur a cell 
reaction, that is, a wide area of the three-phase interface 

10 Is impossible with the thick film thickness of the elec- 
trode. 

[0007] In addition, the conventional air electrode and 
fuel electrode are formed by use of paste mixed with 
inorganic adhesive made of glass as a main component, 
15 and the inorganic adhesive does not participate in the 
electrochemical reaction or disturb the electrochemical 
reaction. Accordingly, to produce the electrochemical 
reaction more effectively, such an inorganic adhesive 
should not be mixed. 

[0008] Furthermore, LSC (lanthanum-strontium-co- 
balt complex oxide) has been recently used as an air 
electrode material of SOFC for a low temperature (be- 
low 800*^0) operation. Since the LSC offers both of elec- 
tron conductivity and ion conductivity, oxygen as reac- 
tive gas can diffuse into the electrode. Accordingly, the 
LSC can cause an electrochemical reaction necessary 
for a cell reaction not only at the three-phase interface 
but also at the two-phase interface. However, when YSZ 
(yttria-stabilized-zirconia) is used as a solid electrolyte, 
the LSC reacts with the YSZ at 1 0OO^C or more, result- 
ing in deterioration of cell perfomriance. 
[0009] The present invention was made In consider- 
ation for the foregoing subjects, and a first object of the 
present invention is to provide a single cell having an 
electrode structure which shows small electrical resist- 
ance, good adhesion, and can provide a large three- 
phase interface or a broad two-phase interface neces- 
sary for a cell reaction. A second object of the present 
invention is to provide a cell plate configured by lami- 
nating the single cell. A third object of the present Inven- 
tion is to provide a method of manufacturing the same, 
and to provide a solid oxide fuel cell comprising the 
same. 

[0010] To achieve the above objects, a single cell for 
a fuel cell of the present Invention has a structure In 
which a solid electrolyte layer is sandwiched by an air 
electrode and a fuel electrode, and the air electrode or 
the fuel electrode Is configured by at least two layers. 
[0011] A single cell according to a first aspect of the 
present invention, includes an air electrode formed of at 
least two layers. The air electrode contains an adhering 
cathode layer formed on one surface of the solid elec- 
trolyte layer and configured to principally show a func- 
tion to allow the air electrode and the solid electrolyte 
layer to adhere electrically and mechanically to each 
other: and an electricity collecting cathode layer formed 
on the adhering cathode layer and configured to princi- 
pally show an electricity collecting function of the air 
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electrode. The adhering cathode layer has a structure 
denser than the electricity collecting cathode layer, and 
configures a three-phase interface, in which an electro- 
chemical reaction occurs, composed of the solid elec- 
trolyte layer, reactive gas and the air electrode. The 
electricity collecting cathode layer has pores providing 
the reactive gas to the three-phase interface sufficiently. 
[0012] A single cell according to a second aspect of 
the present invention, includes a fuel electrode formed 
of at least two layers. The fuel electrode includes an ad- 
hering anode layer formed on the other surface of the 
solid electrolyte layer and configured to principally show 
a function to allow the air electrode and the solid elec- 
trolyte layer to adhere electrically and mechanically to 
each other; and an electricity collecting anode layer 
formed on the adhering anode layer and configured to 
principally show an electricity collecting function. The 
adhering anode layer has a structure denser than the 
eleclricily collecting anode layer, and configures a three- 
phase interface, in which an electrochemical reaction 
occurs, composed of the solid electrolyte layer, reactive 
gas and the fuel electrode, and the electricity collecting 
anode layer has pores for providing sufficient reactive 
gas to the three-phase interface. 

[0013] A cell plate for a fuel cell of a third aspect of 
the present invention is configured by two-dimensionally 
analyzing single cells for the fuel cell of the present in- 
vention, and then these cells are processed to a united 
ceil plate. 

[0014] A fuel cell of a forth aspect of the present in- 
vention is configured by laminating the cell plate for the 
fuel cell of the present invention. 
[0015] A method of manufacturing the single cell for 
the fuel cell of a fifth aspect of the present invention, by 
use of any of a PVD method, a CVD method and a plat- 
ing method, a solid electrolyte layer is first formed and 
then an adhering anode layer is formed on one surface 
of the solid electrolyte layer and an adhering cathode 
layer is fornied On the other surface of the solid electro- 
lyte layer. Furthermore, by use of one of a spray coating 
method and a printing method, an electricity collecting 
anode layer is fomried on the adhering anode layer and 
an electricity collecting cathode layer is fornied on the 
adhering cathode layer followed by baking the electric- 
ity collecting anode layer and the electricity collecting 
cathode layer after formation of the electricity collecting 
anode layer and the electricity collecting cathode layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

FIG. 1 A is a section view of a single cell according 
to a first embodiment of the present invention, and 
FIG. 1 B is an enlarged section view of a portion A 
in FIG. 1A. 

FIG. 2 is a section view of a single cell according to 
a second embodiment of the present invention. 



FIG. 3A is a section view of a cell plate of a fuel cell 
according to embodiments of the present invention, 
and FIG. 3B is a perspective view of the cell plate 
of the fuel cell of FIG. 3A. 

5 FIG. 4A iis a section view of a single cell according 

to an example 1 of the present invention, FIG. 4B 
is a section view of a single cell according to a com- 
parative example 1 , FIG. 40 is a section view of a 
single cell according to a comparative example 2, 

10 and FIG. 4D is a section view of a single cell accord- 
ing to an example 3. 

FIG. 5 Is a table showing conditions and cell prop- 
erties according to the examples 1 and 2 and the 
comparative examples 1 to 3. 
'5 FIG. 6 is a table showing conditions and cell prop- 
erties according to examples 3 to 6 and compara- 
tive examples 2 to 7. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

20 

[0017] Descriptions for a single cell and a cell plate of 
a solid oxide fuel cell according to each embodiment of 
the present invention will be described In detail below. 
In this specification, the symbol indicates a mass 

25 percentage unless specifically mentioned. 

[0018] Furthermore, for the sake of convenience of 
explanations, one surface of each layer such as a sub- 
strate and an electrode layer is described as "upper sur- 
face" and the other surface is described as "lower sur- 

30 face". However, these are equivalent constituent com- 
ponents, and, as a matter of course, constitutions in 
which these components are replaced by one another 
are within the scope of the present invention. 



[0019] FIG. 1 A shows a structure of a single cell ac- 
cording to a first embodiment of the present invention. 
Also FIG, 1 B shows an enlarged section view of a por- 
tion A circled with broken line in FIG. 1 A. The single cell 
has the structure in which the solid electrolyte layer 10 
is sandwiched by the air electrode (cathode) 20 and a 
fuel electrode (anode) 30. The single cell of this embod- 
iment has a feature in that the air electrode 20 and the 
fuel electrode 30 are respectively formed by at least two 
layers, each of which has a different function. 
[0020] To be concrete, as shown in FIG. 1A, the air 
electrode 20 has a laminated structure composed of an 
adhering cathode layer 21 formed on the upper surface 
of the solid electrolyte layer 1 0 and an electricity collect- 
ing cathode layer 22. The fuel electrode 30 has a lami- 
nated structure composed of an adhering anode layer 
31 formed on the lower surface of the solid electrolyte 
layer 10 and an electricity collecting anode layer 32. 
[0021] The adhering cathode layer 21 in the air elec- 
trode 20 is one having a main function which adheres 
the air electrode 20 to the solid electrolyte layer 1 0. Fur- 
thermore, the adhering cathode layer 21 in the air elec- 
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trode 20 is one constituting a three-phase interface or a 
two-phase interface that is an electrochemical reaction 
field required for a cell reaction. The electricity collecting 
cathode layer 22 is one having a main function to collect 
electricity of the air electrode 20. 
[0022] Similarty, the adhering anode layer 31 in the 
fuel electrode 30 is one having a main function to adhere 
the fuel electrode 30 to the solid electrolyte layer 10. 
Furthermore the adhering anode layer 31 in the fuel 
electrode 30 Is one constituting a three-phase interface 
that is an electrochemical reaction field required for a 
cell reaction. The electricity collecting anode layer 32 in 
the fuel electrode 30 is one mainly having an electricity 
collecting function. 

[0023] The adhering cathode layer 21 and the adher- 
ing anode layer 31 offer electrically and mechanically 
high adhesion to the solid electrolyte layer 10, and 
though the adhering cathode layer 21 and the adhering 
anode layer 31 are discontinuous, they should be a con- 
ductive layer having a dense film structure, to obtain a 
sufficient three or two-phase interface. 
[0024] On the other hand, to acquire a high electricity 
collecting function, the electricity collecting cathode lay- 
cr22 and the electricity collecting anode layer 32 should 
be fomried of an electrically conductive layer having a 
sufficient thickness to reduce electrode resistance. Fur- 
thermore, to supply sufficient reactive gas to the three- 
phase interface where the cell reaction occurs, the elec- 
tricity collecting cathode layer 22 and the electricity col- 
lecting anode layer 32 should have a porous stmcture 
through which the reactive gas can pass. 
[0025] As described above, by respectively constitut- 
ing the air electrode 20 and the fuel electrode 30 by a 
plurality of electrode layers, each of which has a differ- 
ent function, it is possible to give good electrode per- 
formance, wh Ich cannot be achieved by a single-layered 
electrode layer, to the air electrode 20 and the fuel elec- 
trode 30. Specifically, the adhering cathode layer 21 en- 
hances adhesion of the air electrode 20 to the solid elec- 
trolyte layer 10 more effectively, and forms the three or 
two-phase interface contributing to more cell reactions 
in the interface between the air electrode 20 and the sol- 
id electrolyte layer 10. The electricity collecting cathode 
layer 22 increases the electricity collecting perfomriance 
more effectively, and makes It easier to be electrically 
connected to the outside. Furthermore, the electricity 
collecting cathode layer 22 supplies reactive gas more 
effectively to the three-phase interface that is a reaction 
field where a cell reaction occurs. Since sufficient adhe- 
sion can be obtained due to the existence of the adher- 
ing cathode layer 21, use of materials such as glass 
paste for adherence of the electrode layers can be omit- 
ted, which do not participate In the cell reaction or disturb 
the cell reaction. Accordingly, efficiency of the cell reac- 
tion can be enhanced. 

[0026] Similariy. the adhering anode layer 31 enhanc- 
es adhesion of the fuel electrode 30 to the solid electro- 
lyte layer 1 0 more effectively, and fomns the three-phase 



interface contributing to more cell reactions In the Inter- 
face between the fuel electrode 30 and the solid elec- 
trolyte layer 10. Furthermore, the electricity collecting 
anode layer 32 enhances electricity collecting perform- 

5 ance more effectively, and supplies the reactive gas 
more effectively by the reaction field where the cell re- 
action occurs. When single cells are integrated two-di- 
mensionally to fomri a cell plate, and when the cell plates 
are further laminated, electric resistance between the 

10 single cells and electric resistance between the cell 
plates can be reduced with the enhancement of the elec- 
tricity collecting performance of the electrode. 
[0027] Descriptions for the air electrode 20 and the 
fuel electrode 30 will be made more concretely below. 

15 [0028] First in the single cell of this embodiment, the 
electricity collecting cathode layer 22 should have a 
thickness thicker than that of the adhering cathode layer 
21 . This is because since the adhering cathode layer 21 
is a dense film, It is difficult for the reactive gas to reach 

20 the three-phase interface when the thickness of the ad- 
hering cathode layer 21 is too thick. On the other hand, 
with respect to the electricity collecting cathode layer 22, 
this is because since it is necessary to decrease resist- 
ance of the electricity collocting cathode layer 22 suffi- 

25 ciently in order to collect electricity, the electricity col- 
lecting cathode layer 22 must have a thick thickness to 
some degree. 

[0029] To be concrete, a ratio (tc1/tc2) of the thickness 
(tcl) of the adhering cathode layer 21 to the thickness 

30 (tc2) of the electricity collecting cathode layer 22 should 
range from 1/1000 to 1/500. Furthermore, the thickness 
of the adhering cathode layer 21 should be equal to 1 
iim or less, and the thickness of the electricity collecting 
cathode layer 22 should be equal to 10 iim or more. 

35 [0030] Similarly, a ratio (ta1/ta2) of a thickness (tal) 
of the adhering anode layer 31 to a thickness (ta2) of 
the electricity collecting anode layer 32 should range 
from 1/1000 to 1/500. Furthemnore, the thickness of the 
adhering anode layer 31 should be equal to 1 jimorless, 
and the thickness of the electricity collecting anode layer 
32 should be equal to 1 0 iim or more. 
[0031] Furthermore, the adhering cathode layer 21 
and the adhering anode layer 31 (hereinafter referred to 
as "adhering electrode layers (21, 31)") should be 

-^5 fomied of a conductive material having a particle diam- 
eter of 0.5 um or less, and the electricity collecting cath- 
ode layer 22 and the electricity collecting cathode layer 
32 (hereinafter referred to as "electricity collecting elec- 
trode layers (22, 32)") should be fonned of a material 

50 containing a conductive material having a panicle diam- 
eter of 0.8 um or more. When the particle diameter of 
the conductivG material of the adhering electrode layers 
(21 , 31 ) is made small, a density of contact points of the 
solid electrolyte layer 1 0 and the adhering electrode lay- 

55 ers (21. 31) Increases. Therefore, adhesion of the ad- 
hering electrode layers (21 , 31) to the solid electrolyte 
layer 10 is improved. The increase in the density of the 
contact points Increases a substantial area of the three- 
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phase Interface. Furthermore, by making the particle di- 
ameter of the conductive material of the electricity col- 
lecting electrode layers (22, 32) larger porosity more in- 
creases, and permeability of the reactive gas can be in- 
creased. Accordingly since the reactive gas can be sup- 5 
plied to the three-phase interface effectively^ the cell re- 
action can be improved. 

[0032] Furthermore, the adhering electrode layers 
(21 . 31) should be discontinuous thin film layers. Here, 
the discontinuous thin film layer means a layer that is 
not a continuous thin film and not uniformly dense. In 
other words, the discontinuous thin film is a film showing 
a state where all portions of surfaces of individual par- 
ticles do not necessarily contact others perfectly but the 
individual particles have portions that do not contact oth- 
ers. If the adhering electrode layers (21 , 31 ) are contin- 
uous thin films that are uniformly dense, there is no room 
for the reactive gas to enter, and it is Impossible to form 
the Ihree-phase interface necessary for the ceil reac- 
tion. 

[0033] Furthermore, the electricity collecting elec- 
trode layers (22, 32) should adopt a three dimensional 
networkstructureorcolumn structure in which individual 
constituent particles contact others and have pores 
therein. The network structure should be preferably 
adopted because the network structure secures a larger 
contact area of the reactive gas with the electrode layers 
and guarantees the electrical electricity collecting func- 
tion. In addition, the network structure can promote per- 
meability of the reactive gas. 

[0034] Further, the electricity collecting electrode lay- 
ers (22, 32) should have a ratio of the pores to the total 
volume (i.e. porosity), which ranges from 30 to 70 vol%. 
When the electricity collecting electrode layers (22, 32) 
contains the pores at this ratio, it is possible to secure 
good gas permeability. If the porosity is less than 30 
vol%. the gas permeability is disturbed, and if the po- 
rosity is more than 70 vol%, a film strength may be in- 
sufficient. Also, such a pore should have a size of about 
0.1 to 5 fim which is suitable for electrochemical reac- 
tion. 

[0035] The electricity collecting electrode layers (22, 
32) should be covered on the upper surface of the ad- 
hering electrode layers (21,31) almost in a net form. By 
covering the layers (22, 32) on the adhering electrode 
layers (21,31), It is possible to relax thermal distonion. 
[0036] Note that as the foregoing solid eleclrolyle lay- 
er 10, it should be preferable to use one having a thick- 
ness of 1 00 iim or less. With the use of the solid elec- 
trolyte layer 10 having the thickness of 100 jam or less, 
a desired energy conversion efficiency can be achieved 
easily. When the thickness of the solid electrolyte layer 
10 exceeds 100 ixm.. its specific resistance becomes 
larger and the energy conversion efficiency is apt to be 
detenorated. 

[0037] Here, as a material of the adhering anode layer 
of the fuel electrode, any one of nickel (Ni); nickel-chro- 
mium (Cr) alloy; nickel-iron (Fe) alloy; metals which are 



combinations of any of these materials; and nickel oxide 
(NIO and Ni complex oxide) can be used. As a material 
of the electricity collecting anode layer of the fuel elec- 
trode, Ni. Ni-Cr Ni-Fe. R, Ag, Ni-Cr-W-Mo alloy and 
Ni-Cr-Fe alloy can be used. 

[0038] As a material of the adhering cathode layer of 
the air electrode, any one of silver (Ag), platinum (Pt), 
gold (Au), titanium (Ti), tungsten (W), lanthanum (La), 
strontium (Sr), cobalt (Co), iron (Fe), manganese (Mg) 
and chromium (Cr) can be used. Moreover alternatively, 
combinations of any of these metals can be used. Still 
furthermore, any one of La^ rficQ yO^, Lao ySro 3Cr03, 
Lao.aSrogFeOs, Lao.ySro 3Mn03 and LaoySrosCrOg 
and one containing lanthanum complex oxide which is 
combinations of any of these can be alternatively used. 
Further as a material of the electricity collecting cathode 
layer of the air electrode, Ag, Pt or Au and one contain- 
ing metals which are combinations of any of these can 
be used. 

[0039] Moreover, as the solid electrolyte layer a ma- 
terial providing oxygen ion conductivity, for example, 
stabilized zirconia doped with neodium oxide (NdgOg), 
samarium oxide (SmgOs), yttria (Y2O3), gadolinium ox- 
ide (Gd203) and the like; ccria (CeOg) series solid solu- 
tion; bithmus oxide, and LaGa03 can be used. However, 
the material of the solid electrolyte layer is not limited to 
these materials. 

[0040] Next, amethodof manufacturingthesinglecell 
for the fuel cell of the first embodiment of the present 
invention will be described. 

[0041] According to the method of manufacturing the 
single cell of the first embodiment of the present inven- 
tion, the adhering cathode layer and the adhering anode 
layer are respectively formed on one surface and the 
other surface of the solid electrolyte layer by use of a 
vacuum film formation method. Subsequently, the elec- 
tricity collecting cathode layer is fomried on the adhering 
cathode layer by use of a printing method or a spray 
coating method. The electricity collecting anode layer is 
formed on the adhering anode layer by use of the print- 
ing method or the spray coating method. Thereafter, the 
aggregate of these layers are baked, to obtain the single 
cell for the fuel cell. 

[0042] According to the above method of the single 
cell, since the adhering cathode layer and the adhering 
anode layer are respectively formed by use of the vac- 
uum film formation method, these films are made to be 
a dense thin film having an excellent adhering function. 
In addition, since the electricity collecting cathode layer 
and the electricity collecting anode layer are fonned by 
use of the printing method or the spray coating method, 
it is possible to easily fomi a comparatively porous and 
thick film. Accordingly, this manufacturing method is 
suitable for a fabrication method of the single cell of the 
first embodiment. 

[0043] According to another method of manufacturing 
a single cell of the first embodiment of the present in- 
vention, the materials for forming the adhering cathode 
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layer and the adhering anode layer are respectively cov- 
ered on one surface and the other surface of the solid 
electrolyte layer by use of the spray coating method, and 
baked, thus forming the adhering cathode layer and the 
adhering anode layer. Furthermore, the electricity col- 
lecting cathode layer and the electricity collecting anode 
layer are respectively covered on the adhering cathode 
layer and the adhering anode layer by use of the printing 
method or the spray coating method, and then baked, 
thus forming the electricity collecting cathode layer on 
the adhering cathode layer and the electricity collecting 
anode layer on the adhering anode layer respectively. 
Thus, the single cell according to another embodiment 
of the present invention is fabricated. According to this 
method, since the adhering electrode layers and the 
electricity collecting electrode layers can be fonned In 
the same process, the manufacture of the single cell is 
made easier. 

(Second embodiment) 

[0044] A structure of a single cell according to a sec- 
ond embodiment of the present invention is shown In 
FIG. 2. Air Glectrodc 25 is formed on one surface of the 
solid electrolyte layer 10, and a fuel electrode 35 is 

formed on the other surface thereof. The air electrode 
25 have an adhering cathode layer 23 and an electricity 
collecting cathode layer 24. 

[0045] In the single cell of the second embodiment, 
an ion electron conduction film providing electron con- 
ductivity and ion conductivity is used as the adhering 
cathode layer 23 and the electricity collecting cathode 
layer 24 of the air electrode 25, and electrode perform- 
ance of the air electrode 25 is enhanced. Moreover, as 
the adhering cathode layer 23: silver (Ag), a material es- 
sentially containing silver (Ag), bismuth oxide (Bi), or a 
material essentially containing the bismuth oxide is 
used. 

[0046] Since Ag and bismuth oxide exhibit the elec- 
tron conductivity and the ion conductivity and have a low 

melting point, the air electrode can be adhered to the 
solid electrolyte layer at a low temperature. Accordingly 
since a temperature required to form the air electrode 
can be decreased, a high temperature reaction between 
the electrode and the solid electrolyte layer can be sup- 
pressed. A material such as LSC can be used as the 
electricity collecting cathode layer 24, and good adhe- 
sion and conductivity can be secured. 
[0047] When Ag or a material essentially containing 
Ag is used as the adhering cathode layer 23, the elec- 
tricity collecting cathode layer 24 should contain one of 
nickel (Ni), nickel-chromium (Ni-Cr) alloy and nickel 
-iron (Ni-Fe) alloy; combinations of any of these materi- 
als. Alternatively, the electricity collecting cathode layer 
24 should contain nickel oxide and one of silver (Ag), 
platinum (Pt), gold (Au), titanium (Ti), tungsten (W), lan- 
thanum (La), strontium (Sr), cobalt (Co), iron (Fe), man- 
ganese (Mn), chromium (Cr) and combinations of any 



of these metals. Othenwise, the electricity collecting 
cathode layer 24 should contain one of Lao.3Coo.7O3, 
Lao.7Sro3Cr03, Lag 7Sro.3Fe03, Lao.7Sro.3Mn03 and 
Lao ySro 3Cr03; containing lanthanum complex 

5 oxide which Is a combination of any of these. 

[0048] Furthermore, when bismuth oxide and a mate- 
rial essentially containing the bismuth oxide Is used as 
the adhering cathode layer 23, the electricity collecting 
cathode layer 24 should contain at least one metal se- 

10 looted from the group consisting of silver, platinum, gold, 
titanium, tungsten, lanthanum, strontium, cobalt, Iron, 
manganese and chromium. Alternatively, the electricity 
collecting cathode layer 24 should contain lanthanum 
complex oxide selected from the group consisting of 

15 Lao.3Coo.7O3' Lao.7Sro.3Cr03, Lao.7Sro.3Fe03, 
Lao.7Sro.3Mn03 and Lao ySro ^CrOg. 
[0049] Resistance of the adhering cathode layer 23 
should be equal to 10% of the total resistance of the 
single cell or less. 

20 [0050] It is preferable to constitute the single cell so 
that the film thickness tcl of the adhering cathode 23 
and the average particle diameter dc of the constituent 
particles of the air electrode 25 have a certain relation 
between them. In this case, when the single cell is con- 

^5 stituted so as to create such a relation between them, 
adhesion of the solid electrolyte layer and the electrode 
can be enhanced effectively without decreasing the cell 
performance. 

[0051] A single cell structure should be adopted, 
30 which satisfies, for example, a relation expressed by tcl 

^ dc where tc1 is the film thickness of the adhering cath- 
ode layer and dc is the average particle diameter of the 
foregoing electrode constituent particles. Note that in 
the case of tc1 > dc, a gas diffusion property within the 
35 electrode is deteriorated and an electrical output of the 
single cell may be lowered. 

[0052] Also, a single cell structure should be adopted, 
which satisfies a relation expressed by 0.01 dc ^ tcl ^ 
0.5dc where tcl is the film thickness of the adhering 

-^0 cathode layer and dc is the average particle diameter of 
the foregoing electrode constituent particles. Note that 
in the case of tcl > 0.5dc, a gas diffusion properly within 
the electrode is deteriorated and an electrical output of 
the single cell may be lowered, in the case of tcl < 

-^5 0.01 dc, an adhesion effect may be insufficient. 

[0053] Furthermore, the average diameter dc of gen- 
eral electrode constituent particles should be about 0.5 
to 50 iim in tenns of electrode performance and easi- 
ness of handling. Accordingly, the foregoing film thick- 

50 ness tcl should be set to 0.1 iim ^ tcl ^5 um. Note 
that in the case of tcl > 5 Ltm, the gas diffusion property 
within the electrode is deteriorated and the electrical 
output of the single cell may be lowered, and in the case 
of tc1 < 0.1 Jim, the adhesion efficiency may be insuffi- 

55 cient. 

[0054] The second embodiment in which the air elec- 
trode alone is formed by the adhering cathode layer and 
the electricity collecting cathode layer Is described in the 
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above. However also the fuel electrode may be consti- 
tuted by the adhering anode layer and the electricity col- 
lecting anode layer. In this case, the relation between 
the film thickness tc1 of the adhering cathode layer of 
the air electrode and the average particle diameter dc 
of the constituent particles, which are described in the 
above, can be similarly applied to the fuel electrode. 
[0055] Specifically, a single cell structure should be 
adopted, which satisfies a relation expressed by ta1 g 
da where ta1 is the film thickness of the adhering anode 
layer of the fuel electrode, and the da is the average 
particle diameter of the particles of the fuel electrode. 
Furthermore, a single cell structure should be adopted, 
which satisfies a relation expressed by 0.01 da ^ tal g 
0.5 da where ta1 is the film thickness of the adhering 
anode layer of the fuel electrode and da Is the average 
particle diameter of the particles of the fuel electrode. 
Still furthermore, the average particle diameter da of the 
constituent particles of the fuel electrode should be 
about 0.5 to 50 ^.m, and the film thickness ta1 of the 
adhering anode layer should satisfy the relation ex- 
pressed by 0.1 \im ^ ta1 S 5 p,m. 
[0056] Next, a method of manufacturing the air elec- 
trode 25 of the single cell according to the second em- 
bodiment will be described. 

[0057] This manufacturing method comprises a step 
(I) of forming a adhering cathode layer on a solid elec- 
trolyte layer a step (I!) of coating an electricity collecting 
cathode layer onto the adhering cathode layer, and a 
step (III) of baking the solid electrolyte layer and an air 
electrode material to adhere the air electrode material 
and the solid electrolyte layer to each other 
[0058] Here, in the step (1) of fonning the adhering 
cathode layer on the foregoing solid electrolyte layer, a 
PVD method and a wet film formation method can be 
adopted. As the PVD method, there are, for example, a 
sputtering method, an EB deposition method, a laser 
beam abrasion method and the like. Moreover as the 
wet film formation method, there are a printing method, 
a spray coating method, a sol-gel method, a plating 
method and the like. 

[0059] Furthermore, in the step (III) of baking the solid 
electrolyte layer and the air electrode material to adhere 
the solid electrolyte layer and the air electrode material 
to each other a baking temperature, that is, a heat treat- 
ment temperature at which the solid electrolyte layer 
and the air electrode are adhered to each other by the 
adhering cathode layer should be set to a range of 700 
to 1 0OO^C. In the temperature of less than 700"C, a sin- 
gle cell may be damaged during an operation. In the 
temperature 1000°C or more, the material forming the 
adhering cathode layer becomes too soft, and the elec- 
trode material may move to cohere. 
[0060] Furthermore, since the low melting point ma- 
terial such as Ag and bismuth oxide is used as the ad- 
hering cathode layer In the above baking, the baking is 
effective since the baking can be performed at a tem- 
perature which is lower by 200'*C or more than the low- 



est temperature among sintering temperatures for syn- 
thesizing respective material powders of the air elec- 
trode, the fuel electrode and the solid electrolyte layer 
Note that the baking is perfomned at a temperature ex- 

5 ceeding this temperature, a diffusion reaction proceeds 
between the solid electrolyte layer and the air electrode, 
a reaction product is fomried at an interface between the 
solid electrolyte layer and the air electrode, and a cell 
output of the single cell may be lowered. 

10 [0061] To be concrete, for example, a Ag film of a 
thickness of 2 to 3 ^m is formed on the solid electrolyte 
layer formed of YSZ by use of the sputtering method, 
LSC powders are covered on the Ag film, and then they 
are baked at 850^C. Thus, the air electrode can be 

15 formed. By adopting such a manufacturing method, the 
single cell for the fuel cell which has excellent electricity 
generation performance and durability can be obtained. 
[0062] There is no special limitation as to a manufac- 
turing method of the fuel electrode. However, when the 

20 fuel electrode Is constituted by the adhering anode layer 
and the electricity collecting anode layer the foregoing 
manufacturing method of the air electrode can be ap- 
plied thereto. 

25 (Cell plate for fuel cell and fuel cell) 

[0063] Although a structure obtained by laminating 
the plurality of single cells of the first and second em- 
bodiments of the present invention can be used as the 
30 fuel cell, the plurality of single ceils are arranged two- 
dimensionally, and then these single cells are proc- 
essed to a united cell plate. A structure obtained by lam- 
inating the plurality of cell plates can be also used as 
the fuel cell. 

35 [0064] FIG. 3A is a partial section view showing an 
example of a cell plate for a fuel cell of an embodiment 
of the present invention, and FIG. SB is a perspective 
view of FIG. 3A. As shown in FIG. 3A, in the cell plate, 
the plurality of openings 60 are provided in the substrate 

40 50, and a single cell for a fuel cell composed of the solid 
electrolyte layer 1 0, the fuel electrode 20 and the air 
electrode 30 is arranged in each of the openings 60. As 
shown in FIG. 3A, when the plurality of single cells are 
arranged on the single common substrate 50, there is a 

45 merit that the solid electrolyte layer 10 of each single 
cell can be fonned with a thin film. 
[0065] Note that the fuel electrode 20 may be dis- 
posed under the solid electrolyte layer 10 and the air 
electrode 30 may be disposed on the solid electrolyte 

50 layer 10. In addition, any of the solid electrolyte layer 
10, the fuel electrode 20 and the air electrode 30 may 
be used as a supporting plate without use of the sub- 
strate 50. 

[0066] Furthermore, when the fuel cell is fabricated by 
55 laminating the single cells or the cell plates, the fuel 
electrode and the air electrode in each single cell or 
each cell plate must be arranged so as to contact flow 
paths of the reactive gas corresponding thereto. The 
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plurality of single cells and the plurality of cell plates may 
be laminated so as to allow the fuel electrode to face 
another fuel electrode and to allow the air electrode to 
face another air electrode. I n addition, in order to secure 
the flow path of the reactive gas. a separator may be 
Interposed between the cell plates, if necessary. 
[0067] To manufacture the solid oxide fuel cell, inor- 
ganic adhesive is coated onto surfaces of the plurality 
of the single cells or the cell plates, and a predetermined 
number of the single cells or the cell plates are laminat- 
ed. Thereafter the plurality of the single cells or the cell 
plates adhered, which are laminated, may be adhered 
to each other by pressurizing and heating. 

EXAMPLES 

[0068] Examples and comparative examples of the 
present invention will be described below. 
[0069] In the examples and the comparative exam- 
ples described below, the single cell for the fuel cell was 
fabricated, and performance evaluation for the single 
cell obtained was performed as described below. 

[PerfomiancG evaluation method] 

1 . Tape peeling-off test conditions 

[0070] ScotchTM tape (manufactured by 3M Co. Ltd., 
type; Mending Tape 81 0) was pasted on the surface of 
the single cell, and the surface of the single cell on which 
the tape was pasted was pulled with force of 500 g at 
an angle of 45^ relative to the surface of the single cell. 
When the peeling of the surface of the single cell did not 
occur, the evaluation was sorted to "O" (Good). 

2. Cell property evaluation conditions 

[0071] Cell properties of the fuel cell constituted by 
use of the single cell of each example were measured 
under the conditions that temperature was 700°C, fuel 
gas was hydrogen, oxidation gas was air, and gas pres- 
sure was 1 atm. 

[0072] Note that measurements of the cell properties 
as to the examples 3 to 5 and the comparative examples 
4 to 7 were performed under the conditions that an open 
voltage was 0.95 V and a maximum output was 0.11 W/ 
cm2, 

3. Resistance evaluation conditions 

[0073] As to the examples 3 to 5 and the comparative 
examples 4 to 7. as the resistance of the single cell and 
the resistance as to the adhering cathode layer, an AC 
Impedance value at 700°C was measured. 



[Fabrication of the single cell for the fuel cell] 
(Example 1) 

5 [0074] As shown in FIG. 4A, the single cell of the ex- 
ample 1 has the air electrode 20A composed of the ad- 
hering cathode layer 21 A and the electricity collecting 
cathode layer 22A, which are formed on one surface of 
the solid electrolyte layer 1 0A and the fuel electrode 30A 

10 composed of the adhering anode layer 31 A and the 
electricity collecting cathode layer 32A, which are 
formed on the other surface of the solid electrolyte layer 
10A. 

[0075] To be concrete, a zirconia sintered body con- 

15 talning yttria of 8 mol% (hereinafter referred to as "YSZ 
sintered body"), which has a thickness of 80 Lim was 
used as the electrolyte layer Ag was used as the air 
electrode, and Ni was used as the fuel electrode. 
[0076] First, as the adhering cathode layer a Ag layer 

20 having a thickness of 50 nm was formed on the upper 
surface of the plane-shaped YSZ sintered body by use 
of a rf sputtering method. A Ni layer having a thickness 
of 50 nm was formed on the lower surface of the YSZ 
sintered body by use of the sputtering method. Ar was 

25 used as sputtering gas. and gas pressure was set to 0. 1 
Pa. Sputtering power was set to 200 W. 
[0077] Next, as the electricity collecting cathode layer, 
Ag paste containing Ag particles of a panicle diameter 
of 8 i-im was coated onto the adhering cathode layer to 

30 a thickness of about 30 jim by use of the spray coating 
method. 

[0078] As the electricity collecting anode layer, Ni 
paste containing Ni particles of a particle diameter of 5 
.um was coated onto the adhering cathode layer to a 

35 thickness of about 50 um by use of the spray coating 
method. Here, as the sprayed paste, a compound was 
used, which is obtained by mixing Ag powders and Ni 
powders into a vehicle formed of butyl-carbitol (91.5) 
and ethyl cellulose (8.5) with a weight ratio of 1 : 2.5. 

40 [0079] Thereafter the YSZ sintered body in which 
each electrode layer was formed was baked at 600°C. 
A thickness of the electricity collecting cathode layer of 
the air electrode after baking was 15 itm, and a thick- 
ness of the electricity collecting anode layer of the fuel 

45 electrode was 35 am. 

[0080] The constitution of the electrode and the eval- 
uation results are shown in Table 1 of FIG. 5. 
[0081 ] Note that the adhering cathode layer of the air 
electrode of the single cell In the example 1 was a dls- 

50 continuous film formed of particles having a particle di- 
ameter of 0.05 Lim, a porosity of the Ag film in the elec- 
tricity collecting cathode layer of the air electrode was 
50%, and a porosity of the Ni film thereof was 45%, and 
the particles partially contacted with each other in the 

55 adhering cathode layer 

[0082] In the single cell of the example 1 , the tape 
peeling test showed good adhesion. Moreover, the cell 
property was improved by about 8% compared to the 



8 



BNSDOCID: <EP 1225648A2 I > 



15 



EP 1 225 648 A2 



16 



fuel cell using the single cell obtained in the comparative 
example 1 to be described later. 

(Comparative example 1) 

[0083] As shown in FIG. 4B, the single cell of the com- 
parative example 1 has the single-layered air electrode 
200A formed on one surface of the solid electrolyte layer 
1 00 and the fuel electrode 300A having a single-layered 
structure, which is formed on the other surface of the 
solid electrolyte layer 100. 

[0084] The air electrode and the fuel electrode were 
formed by use of paste obtained by adding glass adhe- 
sive to Ag and Ni. The single cell of the comparative ex- 
ample 1 was fabricated by use of the same conditions 
as those of example 1 other than those under which the 
air electrode and the fuel electrode were formed. 
[0085] To be concrete, as the air electrode, an Ag lay- 
er having a thickness of about 50 \vm was formed on 
one surface of the YSZ sintered body by use of the spray 
coating method. As the fuel electrode, a Ni layer having 
a thickness of about 50 iim was formed on the other 
surface of the YSZ sintered body by use of the same 
spray coating method. 

[0086] As the sprayed paste, a compound was used, 
which was obtained by mixing Ag powders and Ni pow- 
ders into a vehicle formed of butyl-carbitol (91.5) and 
ethyl cellulose (8.5) with a weight ratio of 1 : 2.5 and by 
adding borosilicate glass offering softening temperature 
of 390°C to Ag and NI by 4 %. 

[0087] Thereafter, the YSZ sintered body onto which 
the Ag layer and the Ni layer were coated was baked in 
the atmosphere at temperature of SOO^'C. The thickness 
of the Ag layer after baking was 15 ^im, and the thick- 
ness of the NI layer after baking was 35 .um. The con- 
stitution of the electrode and the evaluation results are 
shown in Table 1 of FIG. 5. 

[0088] The single cell of the comparative example 1 
showed good adhesion in the tape peeling test. Moreo- 
ver with regard to the cell property, a cell output of 0.1 2 
W/cm2 hour (i = 0.4 A/cm2 hour) was obtained. 

(Example 2) 

[0089] The fundamental structure of the single cell of 
the example 2 is the same as that shown in FIG. 4A sim- 
ilarly to Ihe single cell of the example 1 . The single cell 
of the example 2 was fabricated under the same condi- 
tions as those of the example 1 except that the adhering 
cathode layer of the air electrode and the adhering an- 
ode layer of the fuel electrode were formed by use of 
the spray coating method. 

[0090] To be concrete, as the adhering cathode layer, 
a Ag layer having a thickness of 0.5 um was formed on 
one surface of the YSZ sintered body by use of the spray 
coating method. Similarly, as the adhering anode layer, 
a Ni layer having a thickness of 0.5 jim was formed-on 
the other surface of the YSZ sintered body by use of the 



spray coating method. Thereafter, the adhering cathode 
layer and the adhering anode layer were baked in the 
atmosphere at temperature of 800°C. Thus, the respec- 
tive thicknesses of the adhering cathode layer and the 
5 adhering anode layer were made equal to 0.1 ^im. 
[0091] Next, with Ag paste containing Ag particles of 
a particle diameter of 8 um, the electricity collecting 
cathode layer having the thickness of about 30 um was 
formed on the adhering cathode layer (Ag sprayed lay- 
10 er) by use of the spray coating method. Moreover with 
Ni paste containing Ni particles of a panicle diameter of 
5 um, the electricity collecting anode layer having the 
thickness of about 50 \im was fomrjed on the adhering 
anode layer (Ni sprayed layer) by use of the spray coat- 
^5 ing method. 

[0092] As the sprayed paste, a compound was used, 
which was obtained by mixing Ag powders and NI pow- 
ders into a vehicle fomned of butyl-carbllol (91.5) and 
ethyl cellulose ^6.5) with a weight ratio of 1 :5. Moreover, 
Ag used for this paste has a particle diameter of 0.3 iim 
and 1 ^m, and Ni was used as fine powders having a 
particle diameter of 0.7 ^.m. 

[0093] Thereafter the YSZ sintered body on which the 
sprayed film was formed was baked in the atmosphere 
at temperature of 600**C. With respect to the thickness 
of the adhering cathode layer after baking, the thickness 
of the Ag layer was 15 ^tm, and the thickness of the Ni 
layer was 35 um. The constitution of the electrode and 
the evaluation results are shown in Table 1 . 
[0094] Note that the adhering cathode layer and the 
adhering anode layer were a discontinuous film formed 
of conductive particles having a particle diameter of 0.3 
to 0.5 iim, a porosity of the electricity collecting cathode 
layer (Ag film) was 50%, and a porosity of the electricity 
collecting anode layer (Ni film) was 45%, and the parti- 
cles partially contacted with each other in the adhering 
cathode layer 

[0095] In the single cell of the example 2, the tape 
peeling test showed good adhesion. Moreover the cell 
property was improved by about 6% compared to the 
fuel cell using the single cell obtained in the comparative 
example 1 . 

(Comparative example 2) 

[0096] The fundamental structure of the single cell of 
the comparative example 2 is the same as that shown 
in FIG. 4B similarly to the single cell of the comparative 
example 1 . The single cell of the comparative example 
2 was fabricated under the same conditions as those of 
the example 1 except that an electrode having a single- 
layered structure was formed, 

[0097] To be concrete, Ag paste containing Ag parti- 
cles of a particle diameter of 8 jxm was formed on one 
surface of the YSZ sintered body by use of the spray 
coating method, thus forming the air electrode having a 
thickness of about 30 Jim. Moreover, Ni paste containing 
Ni particles of a particle diameter of 5 ixm was formed 
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on the other surface of the YSZ sintered body by use of 
the spray coating method, thus forming the fuel elec- 
trode having a thickness of about 50 iim. 
[0098] As the sprayed paste, a compound was used, 
which was obtained by mixing Ag powders and Ni pow- 
ders into a vehicle formed of butylcarbitol (91 .5) and 
ethyl cellulose (8.5) with a weight ratio of 1 : 2.5. 
[0099] The YSZ sintered body on which the sprayed 
film was formed was baked in the atmosphere at tem- 
perature of 600*^0. With respect to the thickness of the 
sprayed film after baking, the thickness of the Ag layer 
was 1 5 iim, and the thickness of the N i layer was 35 iim. 
The constitution of the electrode and the evaluation re- 
sults are shown In Table 1 of FIG. 5. 
[01 00] Note that in the foregoing sprayed film, the Ag 
layer (air electrode) showed porosity of 50%, the Ni layer 
(fuel electrode) showed porosity of 45% and the parti- 
cles partially contacted with each other. 
[0101] In the single cell of the comparative example 
2, the tape peeling test showed partial peeling, and did 
not show sufficient adhesion. Moreover, the cell proper- 
ty was improved by about 3% compared to the fuel cell 
using the single ceil obtained In the comparative exam- 
ple 1 . This is because no Intervention substance such 
as a glass adhesion material disturbing the cell reaction 
exists at the Interface between the electrolyte and the 
electrode. 

(Comparative example 3) 

[0102] The fundamental structure of the single cell of 
the comparative example 3 is shown in FIG. 4C. Simi- 
larly to the single cell of the example 1 , the air electrode 
200B and the fuel electrode 300B adopt the double-lay- 
ered structure similarly to that of the example 1 , respec- 
tively. However the conditions as the film thickness of 
the single cell are different from those of the example 1 . 
Thickness of the layers (210, 31 0) corresponding to the 
adhering electrode layers of the example 1 was set to 2 
fxm. Conditions other than the conditions as to the film 
thickness are the same as those of the single eel! of the 
example 1 . 

[0103] To be concrete, a Ag layer having a thickness 

of about 2 am was fonned on one surface of the YSZ 
sintered body by use of a rf sputtering method, and a Ni 
layer having a thickness of about 2 iim was formed on 
the other surface of the YSZ sintered body by use of the 
rf sputtering method. The constitution of the electrode 
and the evaluation results are shown in Table 1 . 
[0104] Note that in layers (220. 320) corresponding to 
the electricity collecting electrode layer the Ag film has 
porosity of 50%, and the Ni film has porosity of 45%, 
and particles partially contact with each other Note that 
layers (210, 310) corresponding to the adhering elec- 
trode layers were a continuous layer formed of particles 
having a particle diameter of 0.1 to 0.5 |j.m. 
[0105] Note that with regard to sputtering film forma- 
tion conditions, Arwas used as sputtering gas = gas pres- 



sure was set to 0.05 Pa, and sputtering power was set 

to 800 W. 

[0106] In the single cell of the comparative example 
3, the tape peeling test showed partial peeling, and did 
5 not show good adhesion. Moreover, the cell property de- 
creased by about 10% compared to the fuel cell using 
the single cell obtained in the comparative example 1 . 
The cell reaction at the Interface between the electrolyte 
and the electrode did not proceed sufficiently. 

10 

(Example 3) 

[0107] The structure of the single cell of the example 
3 Is shown in FtG. 4D. In the single cell of the example 

^5 3, a laminated structure was used as the air electrode 
25A composed of the adhering cathode layer 23A and 
the electricity collecting cathode layer 24A. Moreover, 
Lao.3COo.7O3 (LSC), which is a perovskite-type oxide 
electrode material, was used as the electricity collecting 

20 cathode layer 24 A. 

[0108] To be concrete, a plate of a sintered body 
formed of stabilized zirconia to which Y2O3 is added by 
8 mol% (hereinafter referred to as "8YSZ"), which has 
a thickness of 0.5 mm and a diameter of 15 mm, was 

25 first prepared as the solid electrolyte layer 1 0A. 

[0109] Next, as an air electrode material, a 
Lao 3C00 7O3 (LSC) sintered body was made by mixing 
prescribed raw materials at a prescribed ratio and by 
baking them in accordance with an ordinary manufac- 

30 turing method of ceramics. Baking temperature was set 
to 1200°C at this time. Thereafter the LSC sintered 
body was ground by a ball mill, thus obtaining LSC pow- 
ders having an average particle diameter of 5 ^m. 
[01 10] As the adhering cathode layer 23A, a Ag layer 

35 having a thickness of about 1 iim was formed on surface 
of the foregoing 8YSZ sintered body by use of the sput- 
tering method. Next, slurry obtained by dispersing the 
prepared LSC powders into turpentine oH (solvent) was 
coated onto the Ag layer that is the adhering cathode 

40 layer 23A, and the turpentine oil was dried. Thereafter 
baking was performed, 

[01 11] Moreover Ni paste was coated onto the other 
surface of the 8YSZ sintered body, and baked at 600°C, 

thus forming the fuel electrode 35B. The constitution of 
-^5 the electrode and the evaluation results are shown in 
Table 2 of FIG. 6. 

(Example 4) 

50 [0112] The fundamental structure of the single cell of 
the example 4 is the same as that of the example 3 
shown in FIG. 4D. The same conditions as those of the 
example 3 were used except that a bismuth oxide layer 
was formed as the adhering cathode layer 23A of the 

55 air electrode. Note that the bismuth oxide layer was 
formed by use of an EB deposition method. The consti- 
tution of the electrode and the evaluation results are 
shown in Table 2 of FIG. 6. 
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(Example 5) 

[0113] The fundamental structure of the single cell of 
the example 5 is the same as that of the example 3 
shown in FIG. 4D. A mixed layer of Ag and LSC was 5 
used as the adhering cathode layer 23A of the air elec- 
trode. Furthemnore, a thickness of the adhering cathode 
layer was set to 0.1 urn, and baking temperature was 
set to 800^C. The single cell was fabricated by using the 
approximately same conditions as those of the example io 
3 except the above. The constitution of the electrode 
and the evaluation results are shown In Table 2 of FIG. 6. 

(Comparative example 4) 

15 

[01 14] The air electrode was fonned in the form of the 
single layer structure formed of LSC without providing 
the adhering cathode layer. The baking temperature 
was set lo IIOO^C. The single cell was fabricated by us- 
ing the approximately same conditions as those of the 20 
example 3 except the above. The constitution of the 
electrode and the evaluation results are shown in Table 
2 of FIG. 6. 

(Comparative example 5) 25 

[01 1 5] The air electrode was fonned in the form of the 
single layer structure formed of LSC without providing 
the adhering cathode layer The single cell of the com- 
parative example 5 was fabricated by using the approx- .30 
imately same conditions as those of the example 3 ex- 
cept the above. The constitution of the electrode and the 
evaluation results are shown in Table 2 of FIG. 6. 

(Comparative example 6) 35 

[0116] The single cell of the comparative example 6 
was fabricated by using the approximately same condi- 
tions as those of the example 3 except that a thickness 
of the adhering cathode layer was set to 1 0 jim and the 40 
baking temperature was set to SSO^'C. The constitution 
of the electrode and the evaluation results are shown in 
Table 2 of FIG. 6. 

(Comparative example 7) 45 

[0117] The adhesive cathode layer was formed by 
bismuth oxide and glass frit. Moreover the adhering 
cathode layer having a thickness of 2 um was prepared 
by use of a printing method. The single cell of the com- so 
paralive example 7 was fabricated by using the approx- 
imately same conditions as those of the example 3 ex- 
cept that the baking temperature was set to 500^C. The 
constitution of the electrode and the evaluation results 
are shown In Table 2 of FIG. 6. 55 
[01 1 8] As is understood based on Table 2, it is proved 
that the single cell and the fuel cell obtained in the ex- 
amples 3 to 5 are excellent in the adhesion property and 



the cell resistance. On the other hand, it is proved that 
the single cell and the fuel cell obtained in the compar- 
ative examples 4 to 7 offer deteriorated adhesion prop- 
erty and high cell resistance because a conductive ad- 
hering layer is not used and the baking temperature is 
outside the preferable range of the present invention. 
[0119] As described above, according to the present 
invention, since the electrodes (fuel electrode and air 
electrode) are formed in the laminated structure and the 
respective function is assigned to each layer constitut- 
ing the lamination structure, it is possible to provide the 
single cell and the cell plate which offer low electrical 
resistance and good adhesion property and can take a 
large three-phase interface. Furthermore, the present 
invention can provide the method of manufacturing the 
same and the solid oxide fuel cell comprising the same. 
[0120] The entire contents of Japanese Patent Appli- 
cations P2001-9394 (filed on January 17, 2001) and 
P2001 -1 44550 (filed on May 1 4, 2001 ) are incorporated 
herein by reference. Although the inventions have been 
described above by reference to certain examples of the 
Inventions, the inventions are not limited to the exam- 
ples described above. Modifications and variations of 
the examples described above will occur to those skilled 
in the art, In light of the above teachings. For example. 
In the present invention, the shape and the like of the 
single cell and the cell plate can be selected arbitrarily, 
and the fuel cell in accordance with an objective output 
can be fabricated- Moreover the air electrode and the 
fuel electrode can be fonned also to a layered structure 
composed of more layers without limitation to the two- 
layered structure. 

[0121] The scope of the inventions Is defined with ref- 
erence to the following claims. 



Claims 

1. A single cell, comprising: 

(a) a solid electrolyte layer; 

(b) an air electrode comprising: 

an adhering cathode layer formed on one 
surface of the solid electrolyte layer and 
configured to show a function to allow the 
air electrode and the solid electrolyte layer 
to adhere electrically and mechanically to 
each other: and 

an electricity collecting cathode layer 
formed on the adhering cathode layer and 
configured to show an electricity collecting 
function of the air electrode ; and 

(c) a fuel electrode formed on the other surface 
of the solid electrolyte layer, 

wherein 
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the adhering cathode layer has a structure 
denser than the electricity collecting cathode layer, 
and configures a three-phase interface composed 
of the solid electrolyte layer, reactive gas and the 
air electrode or a two-phase interface connposed of 5 
the solid electrolyte layer and the air electrode, and 

the electricity collecting cathode layer is thick- 
er than the adhering cathode layer and has pores 
providing the reactive gas to the three-phase inter- 
face or the two-phase interface. io 

2. A single cell, comprising: 

(a) a solid electrolyte layer; 

(b) an air electrode formed on one surface of is 

the solid electrolyte layer; and 

(c) a fuel electrode comprising: 

an adhering anode layer formed on the oth- 
er surface of the solid electrolyte layer and 
configured to show a function to allow the 
air electrode and the solid electrolyte layer 
to adhere electrically and mechanically to 
each other; and 

an electricity collecting anode layer formed 25 

on the adhering anode layer and config- 
ured to show an electricity collecting func- 
tion, 



hering cathode layer to a thickness (tc2) of the elec- 
tricity collecting cathode layer ranges from 1/1000 
to 1/500. 

6. The single cell according to any one of claims 1 or 
3-5 wherein 

the thickness (tc1) of the adhering cathode 
layer Is equal to 1 iim or less, and 

the thickness (tc2) of the electricity collecting 
cathode layer is equal to 1 0 um or more. 

7. The single cell according to any one of claims 1 or 
3-6, wherein 

the electricity collecting cathode layer has 
pores at a rate of 30 to 70 vol% of a total volume. 

8. The single cell according to any one of claims 1 or 
3-7, wherein 

the electriclly collecting cathode layer is coal- 
ed on the adhering cathode layer approximately in 
a net fashion. 

9. The single cell according to any one of claims 1 or 
3-8, wherein 

the thickness (tcl) of the adhering cathode 
layer and an average diameter (dc) of constituent 
panicles of the air electrode satisfy a relation of tcl 
^ dc. 



wherein 

the adhering anode layer has a structure 
denser than the electricity collecting anode layer, 
and configures a three-phase interface composed 
of the solid electrolyte layer, reactive gas and the 
fuel electrode, and 

the electricity collecting anode layer is thicker 
than the adhering anode layer and has pores pro- 
viding the reactive gas to the three-phase interface. 

3. The single cell according to claim 1 , wherein 

the adhering cathode layer comprises a con- 
ductive particle material having a particle diameter 
of 0.5 \im or less; and 

the electricity collecting cathode layer com- 
prises a conductive particle material having a pani- 
cle diameter of 0.8 tim or more. 

4. The single cell according to any one of claims 1 or 
3, wherein 

the adhering cathode layer is a discontinuous 
thin film layer; and 

the electricity collecting cathode layer has 
conductive particles forming a three-dimensional 
network structure. 

5. The single cell according to any one of claims 1 , 3 
or 4, wherein 

a ratio (tc1/tc2) of a thickness (tcl ) of the ad- 



30 10. The single cell according to any one of claims 1 or 
3-9, wherein. 

the thickness (tcl) of the adhering cathode 
layer and an average diameter (dc) of constituent 
particles of the air electrode satisfy a relation of 

35 0.01 dc ^tcl ^O.Sdc. 

11. The single cell according to any one of claims 1 or 
3-10, wherein 

the thickness (tcl) of the adhering cathode 
^0 layer is within a range of 0.1 tim ^ tcl ^5 ^m. 

12. The single cell according to any one of claims 1 or 
3-11, wherein 

the adhering cathode fayer is formed of silver 
or essentially contains silver. 

13. The single cell according to claim 12, wherein 

the electricity collecting cathode layer essen- 
tially contains: 

50 

at least one metal selected from the group con- 
sisting of silver platinum, gold, titanium, tung- 
sten, lanthanum, strontium, cobalt. Iron, man- 
ganese and chromium: or 
at least one lanthanum complex oxide selected 
from the group consisting of LaoaCoi^yOg, 
Lao.ySro.aCrOo, Lao.ySro.aFeOa, Lao.ySrQ 3 
MnOa and Lao.ySro sCrOg. 
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22. The single cell according to any one of claims 2, or 
16-21 , wherein 

the thickness (tal ) of the adhering anode lay- 
er and an average dianneter (da) of constituent par- 
5 tides of the fuel electrode satisfy a relation of tal ^ 
da. 

23. The single cell according to any one of claims 2, or 
16-22, wherein 

^0 the thickness (tal ) of the adhering anode lay- 

er and an average diameter (da) of constituent par- 
ticles of the fuel electrode satisfy a relation of 0.01 
da ^ ta1 ^ O.Sda. 

15 24. The single cell according to any one of claims 2, or 
16-23, wherein 

the thickness (tal ) of the adhering anode lay- 
er is within a range of 0.1 ^m ^ ta1 ^ 5 |im. 

20 25. The single cell according to any one of claims 2, or 
16-24, wherein 

the adhering anode layer contains at least one 
metal selected from the group consisting of nickel, 
nickel-chromium alloy and nickel-iron alloy, or nlck- 
^5 el oxide. 

26. The single cell according to any one of claims 2, or 
16-25, wherein 

the electricity collecting anode layer contains 
30 at least one metal selected from the group consist- 
ing of nickel nickel -chromium alloy and nickel-iron 
alloy, or nickel oxide. 



23 

14. The single cell according to any one of claims 1 or 
3-11, wherein 

the adhering cathode layer is formed of bis- 
muth oxide or essentially contains bishiuth oxide. 

15. The single cell according to claim 14, wherein 

the electricity collecting cathode layer essen- 
tially contains: 

at least one metal selected from the group con- 
sisting of silver platinum, gold, titanium, tung- 
sten, lanthanum, strontium, cobalt, iron, man- 
ganese and chromium; or 
at least one lanthanum complex oxide selected 
from the group consisting of Lao.3Coo.7O3, 
Lao.7Sro.3Cr03, Lao.7Sro.3Fe03, Lao.7Sro.3 
Mn03 and LaQ 7Sro 3Cr03. 

16. The single cell according to claim 2, wherein 

the adhering anode layer contains conductive 
particles having a particle diameter of 0.5 ^m or 
less; and 

the electricity collecting anode layer contains 
conductive particles having a particle diameter of 
0.8 \im or more. 

17. The single cell according to any one of claims 2 or 
16, wherein 

the adhering anode layer is a discontinuous 
thin film layer; and 

the electricity collecting anode layer has con- 
ductive particles forming a three-dimensional net- 
work structure. 

18. The single cell according to any one of claims 2, 1 6 
or 17, wherein 

a ratio (ta1/ta2) of a thickness (ta1) of the ad- 
hering anode layer to a thickness (ta2) of the elec- 
tricity collecting cathode layer ranges from 1/1000 
to 1/500. 

19. The single cell according to any one of claims 2, or 
16-18, wherein 

the thickness (tal ) of the adhering anode lay- 
er is equal to 1 iim or less, and 

the thickness (ta2) of the electricity collecting 
anode layer Is equal to 10 iim or more. 

20. The single cell according to any one of claims 2, or 
16-19, wherein 

the electricity collecting anode layer has 
pores at a rate of 30 to 70 vol% of a total volume. 

21. The single cell according to any one of claims 2, or 
16-20, wherein 

the electricity collecting anode layer is coated 
on the adhering anode layer approximately in a net 
fashion. 



27. A cell plate for a fuel cell comprising: 

35 

an plate-shaped body in which the single cells 
set forth in claim 1 arranged two-dimensionally 
to.be united. 



an plate-shaped body in which the single cells 
set forth in claim 2 arranged two-dimensionally 
to be united. 

29. A fuel cell comprising: 

layered single cells, the single cell is set forth 
in claim 1 . 

30. A fuel cell comprising: 

layered single cells, the single cell is set forth 
in claim 2. 

31 . A fuel cell comprising: 

layered cell plates, the cell plate is set forth in 



^0 28. A cell plate for a fuel cell comprising: 



50 
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claim 27. 

32. A fuel cell comprising: 

layered cell plates, the cell plate is set forth in 5 
claim 28. 



33. A method of manufacture of a single cell compris- 
ing: 

10 

forming a solid electrolyte layer; 
fomning an adhering anode layer on one sur- 
face of the solid electrolyte layer and an adher- 
ing cathode layer on the other surface of the 
solid electrolyte layer by use of one of a PVD is 
method, a CVD method and a plating method; 
fomning an electricity collecting anode layer on 
the adhering anode layer and an electricity col- 
lecting cathode layer on the adhering cathode 
layer by use of one of a spray coating method 20 
and a printing method; and 
baking a resultant one after formation of the 
electricity collecting anode layer and the elec- 
tricity collecting cathode layer 

25 

34. The method according to claim 33. wherein 

the baking is performed within a temperature 
of 700 to lOOO^C. 

35. The method according to any one of claims 33 or 30 
34, wherein 

the baking is performed within a temperature, 
the temperature is lower by 200^0 or more than a 
temperature lowest among sintering temperatures 
at which materials of the adhering anode layer the 35 
electricity collecting anode layer adhering cathode 
layer electricity collecting cathode layer and a solid 
electrolyte layer are synthesized. 
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